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Abstract 
Back ground 


This study was undertaken to evaluate the effect of gamma radiation (1.5 KGy & 3 KGy) on L.q 
scorpion venom. This was carried out by studying the toxicological, biochemical & immunological 
properties of the venom before and after exposure to gamma radiation. 


Material and methods 

Animals, venom, antivenin, gamma radiation, 1 

Results 

Data revealed that the toxicity of irradiated venom (1.5 KGy & 3 KGy) decreased as compared to that 
of the native one. LDso of irradiated venom were 3.5 mg/kg & 7.5 mg/kg respectively while, that of 
the native venom was (0.39 mg/kg). Moreover, the distribution of '*I-labeled L.q venom was studied 
in male Swiss mice tissue using chloramine-T method by being injected intravenously. At various 
time intervals, urine and blood were collected and the animals were sacrificed. Brain, lungs, heart, 
liver, kidneys, spleen, intestine, bone and muscle were isolated in order to determine the radioactivity 
content. The highest contents of '*I-labeled L.q venom were found in the liver and kidney that were 
quickly excreted into the urinary tract. Trial to label irradiated (1.5 & 3 KGy) L.q venom was 
unsuccessful due to its decomposition. For that reason the utilization of the labeled irradiated L.q 
venom is of no meaning. In immunodiffusion technique, both irradiated and native venoms exhibited 
prominent precipitin bands indicating high concentration of specific antibodies against polyvalent 
antivenin with venom. Furthermore, the effect of half the LDso of native or irradiated (1.5 KGy) L.q 
venom was studied on the activities of certain enzymes: ASAT, ALAT, LDH, CPK, CPK-MB, and 
the levels of total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol and the oxidative stress 
biomarkers (plasma MDA & blood GSH). Biochemical measurements showed that scorpion venom 
envenomation caused significant (p « 0.05) elevation in serum ASAT, ALAT, LDH, CPK as well as 
CPK-MB activities, blood GSH level while, caused significant (p « 0.05) reduction in triglyceride, 
HDL-cholesterol. In contrast, the 1.5 KGy gamma irradiated L.q venom showed no alterations except 
in HDL-cholesterol that significantly decreased compared to that of the non-envenomated normal rats. 


Conclusion 
These results indicated that 1.5 KGy gamma irradiation of venom offer an effective method for 


reducing the toxic effect of venom. 


Key words: gamma radiation, Leiurus quinquestriatus scorpion venom (L.q), LDso, "I-labeled L.q, 
double immunodiffusion, liver and cardiac enzymes, lipid profile, oxidative stress biomarkers. 
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Introduction 


The deathstalker (Leiurus quinquestriatus), is a 
species of scorpion, a member of the family 
Buthidae that belongs to the phylum 
arthropoda class arachnida (Bucherl, 1971). It 
is also known as Palestine yellow scorpion, 
Omdurman scorpion and Israeli desert 
scorpion (Werness et al., 2004; Minton et al., 
2010). The deathstalker is a highly dangerous 
species because its venom is a powerful 
cocktail of neurotoxins, with a low LDso. 
Unlike snakes, all scorpions are venomous. 
Ejecting the venom following a scorpion sting 
is extremely painful. The venom ejection is 
violent and rapid, but normally would not kill 
healthy adult human. However, young 
children, the elderly, or infirm (such as those 
with a cardiac disorder or those who are 
allergic) would be at much greater risk. Any 
envenomation runs the risk of anaphylaxis, a 
potentially life-threatening allergic reaction to 
the venom. If a sting from L.q does prove 
fatal, the cause of death is usually pulmonary 
edema. 

Fischer and Bohn, (1957), found that scorpion 
venom is composed of several proteins and 
enzymes that have known neurotoxic, 
cardiotoxic, nephrotoxic, and hemotoxic 
effects. The toxic proteins in scorpion venom 
consist of a single polypeptide chain, cross 
linked by four disulfide bridges. The location 
of the disulfide bridges in scorpion toxin is 
quite different from that in snake toxins. 
Scorpion venom is a highly antigenic 
compound. Treatment of patients with 
systemic symptoms should be initiated as soon 
as possible. Since the lethal dose is measured 
in milligrams injected per kilogram of body 
weight of the victim; thus, lower body weight 
is related to increased morbidity and mortality. 
Most reported deaths occur within 24 h and 
are related to respiratory and cardiovascular 
collapse. Most investigators believe that the 
antivenin should be administered immediately 
after scorpion sting, otherwise the venom will 
produce irreversible lesions (Balozet, 1971). 
Irradiation of proteins in either dry state or 
aqueous solution has been shown to cause a 
decrease and loss of biological properties as 
the enzymatic activities, hormonal and toxic 
features while the immunological functions of 
proteins may not be affected (Skalka and 
Antoni, 1970). 
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Material and Methods 


Animals 

White male Swiss albino mice, weighing 20- 
25 g and 30-35 g were used for LDso study and 
experiments of iodinated venom respectively. 
Adult male Wistar albino rats, weighing 120- 
150 g, were also used. Mice & rats were 
obtained from the Institute of Ophthalmology 
(Giza, Egypt). The animals were kept under 
suitable laboratory conditions throughout the 
period of investigation. They were allowed 
free access to food consisting of standard 
pellets obtained from EI-Nasr Chemical 
Company (Cairo, Egypt) and water ad libitum. 
The study was carried out according to the 
approval of Ethics Committee for Animal 
Experimentation at Faculty of Pharmacy, 
Cairo University and in accordance with the 
guidelines set by the EEC regulations (revised 
directive 86/609/EEC) at the National Center 
for Radiation Research and Technology. 


Venom 

L.q venom was obtained from laboratory unit 
of Medical Research Center, Faculty of 
Medicine, Ain Shams University. 

Antivenin 

Egyptian polyvalent antivenin prepared 


against scorpion venom was used. It was 
obtained from the Egyptian Organization of 
Biological Products and Vaccines 
(VACSERA), Agouza, Cairo, Egypt. The 
polyvalent antivenin produced in horses was 
kept at 4°C till used. 


Radioactive material 

1251 was purchased from Radiochemical 
Center-Amersham-England diluted with 
NaOH when required (Specific Activity= 15.5 
mCi/ug). 


Irradiation of the venom 

The venom was irradiated with 1.5 KGy and 3 
KGy gamma rays in the National Center for 
Research and Radiation Technology, Cairo, 
Egypt; using acobalt-60 gamma cell 220, 
manufactured by the Atomic Energy of Canada 
(AECL). The radiation dose rate was 1.42 Gy 
per second. 
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In this study, a saline solution of L.q venom was 
subjected to integral radiation dose levels of 1.5 
and 3 KGy. 


Lethality 

LDso of L.q venom was determined before and 
after exposure to 1.5 KGy or 3 KGy gamma 
radiation according to the method of Spearman 
and karber (Finney, 1964). 


Immunogenicity 
Double immunodiffusion experiments were 
carried-out as described by Ouchterlony, (1948). 


Iodination of scorpion venom 

Iodination of scorpion venom was carried out 
according to the method of Hunter and 
Greenwood, (1962). In a 1 ml volume reaction 
vial, that is tightly closed by a screw cap, 
contains 200 ul of phosphate buffer 0.2M, 
pH=7, a suitable amount of venom (200ug) 
was placed and an appropriate quantity of 
chloramine-T (0.87 Mm), (freshly prepared in 
water ) was added. For labeling the previous 
solution 10 ul of Na'?I (3-5MBq) was added 
and then the reaction mixture was kept in a 
room temperature for 30 min. The reaction 
was quenched by the addition of sodium 
metabisulphite. 


Determination of radiochemical yield 

The radiochemical yield and the in-vitro 
stability of '*I-venom were determined using 
instant thin layer chromatography (ITLC) 
according to the method described by 
Asikoglu et al. (2000). 

Radiochemical yield % = activity of labeled 


product /Total activity X 100 


Determination of radiochemical purity 

The radiochemical purity and the in-vitro 
stability of 'L venom were determined using 
electrophoresis technique by cellulose acetate 
strips according to the method of Milan bier, 
(1959). 


In-vitro stability of the "I-labeled scorpion 
venom 

The in-vitro stability of the !”I-labeled venom 
was studied. The reaction mixture was 
prepared with the conditions which gave the 
best radiochemical yield, and applying a spot 
of the labeled mixture on a thin layer 
chromatography (TLC) at different time 
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intervals (1, 2, 4, 8, 12, 24h) after labeling, 
then chromatography was carried out. 

In-vivo biodistribution of "I-labeled 
scorpion venom in mice 

Studies of organ distribution were carried out 
in a group of three male albino mice. Each 
animal was injected in the tail vein with 0.2 ml 
solution containing 3.7 MBq of '*I-venom. 
The mice were put in metabolic cages for the 
recommended time then sacrificed. Time 
dependent pharmacokinetic studies were 
carried out at 10 min, 1 h, 2 h, and 4 h post 
injection. 

The organs as well as other body parts and 
fluids were prepared. Activity in each organ 
was counted and expressed as a percentage of 
the injected activity per organ. Blood, bone 
and muscles were assumed to be 7, 10 and 
4096 of the total body weight respectively 
(Rhodes, 1974). 

Correction was made for background radiation 
and physical decay during experiment. 

% Uptake/ organ = Organ count/min (cpm) / 
Standard cpm x 100 


Experimental design 

Mice were used for in-vivo biodistribution 
labeled scorpion venom. Mice were classified 
into four groups, each group consists of 3 
animals. Each animal was injected in the tail 
vein with 0.2 ml solution containing 3.7 MBq 
of P?[. scorpion venom. Mice were put in 
metabolic cages for the recommended time 
then sacrificed. Time dependent 
pharmacokinetic studies were carried out at 10 
min, 1 h, 2 h, and 4 h post injection. 

Half value of LDso of native and 1.5 KGy 
irradiated L.q venom were the selected doses to 
carry out the biochemical experiments of this 
study in rats. 

Rats were classified into three 
consisting of 8 animals as follows: 
Set 1: normal non-envenomated rats that 
received saline i.p and served as normal group. 
Set 2: rats that received a single dose of native 
L.q venom (0.197 mg/kg i.p) and served as 
native group. 

Set 3: rats that received a single dose of 
irradiated (1.5 KGy) L.q venom (1.758 mg/kg 
1.p) and served as irradiated group. 

Blood samples (2-3ml) were collected by being 
withdrawn via the retro-orbital vein using 
heparinized capillary tubes at 0 & 4 h following 
injection. The blood sample was divided into 3 
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sets, each 


Modulation of the..... 


aliquots. The first part was used for estimation 
of MDA. The second part was collected in dry 
clean test tubes containing EDTA and left for 1h 
then centrifuged at 3000 r.p.m at 4 C? for 15 
minute to separate plasma to be used for 
determination of GSH level. The third part was 
left at room temperature for separation of serum 
and used for estimation of the cardiac enzymes, 
liver enzymes and lipid profile. 

At the end of the experiment, animals were 
sacrificed by decapitation under anesthesia. 


Determination of blood lipid peroxides 

Lipid peroxidation products were estimated by 
determination of the blood level of 
thiobarbituric acid reactive substances 
(TBARS). It was determined according to the 
method of Yoshioka et al. (1979). 


Determination of blood glutathione (GSH) 
GSH in blood was determined according to the 
method described by Beutler et al. (1963). 


Determination of serum alanine 
aminotransferase (ALAT) and aspartate 
aminotransferase (ASAT) activity 

Activity of ALAT and ASAT was determined 
in serum. The colorimetric assay was 
performed using a test reagent kit according to 
the method of Tietz, (1976). 


Determination of serum cholesterol and 
triglycerides concentration 

Cholesterol concentration was determined 
according to the method of Ellefson and 
Carawy, (1976) while, triglycerides 
concentration was determined according to the 
method of Bucolo et al. (1973) both are 
enzymatic colorimetric test. 


Determination of serum HDL-cholesterol 
concentration 

HDL-cholesterol was determined according to 
the method of NCER, (1995). 


Determination of serum LDL-cholesterol 
concentration 

To calculate LDL cholesterol in mg/dl: LDL 
cholesterol concentration was calculated as 
follows: 

LDL-cholesterol= total 
triglycerides/5 + HDL-cholesterol. 


cholesterol- 


Determination of serum creatine kinase 
(CK), serum isoenzyme creatine kinase-MB 
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(CK-MB) and serum lactate dehydrogenase 
activity (LDH) 

Creatine kinase and creatine kinase-MB were 
determined according to the method of the 
IFCC, (1989) while lactate dehyrogenase was 
determined according to the method of Dito, 
(1979). 


Statistical analysis 


Comparison between different groups was 
carried out by one-way analysis of variance 
(ANOVA) followed by  Tukey-Kramer 
multiple comparisons test using Instat 
software, version 3 (Graph pad Software, Inc., 
San Diego, USA). 

The p value was set at « 0.05. 


Results 


Lethality 

LDso for native (non-irradiated) L.q venom 
was estimated to be 0.394 mg/kg. However, 
after irradiation of the L.q venom (1.5 KGy), 
the LDso was 3.517mg/kg. Increasing the 
gamma radiation to 3 KGy, increased the LDso 
to be 7.5mg/kg table (1). 

Thus, LDso of L.q venom exposed 1.5 KGy 
was increased 11 times the native one, while 
that exposed to 3 KGy was increased 20 times 
its native venom. 


Double immunodiffusion technique 

Results of the double immunodiffusion test of 
native (non-irradiated), 1.5 KGy and 3 KGy 
gamma irradiated venom against a commercial 
polyvalent Egyptian antivenin, showed similar 
precipitin bands; the visible four distinct lines 
obtained in the immunodiffusion reactions were 
identical and joined smoothly at the corners, 
indicating that there was no change in the 
antigenic determinant figure (1). 

In this study a dose of 1.5 KGy gamma rays 
was selected, showing an effective 
detoxification (increase of LDso) for L.q 
venom, while maintaining their immunogenic 
properties. 


Iodination of scorpion venom 

1- Study of scorpion venom amount on the 
radiochemical yield (%) of  '"?Lscorpion 
venom using chloramine-T as oxidizing agent 
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showed that, increasing the amount of 
scorpion venom was accompanied by an 
increase in the radiochemical yield of '?I- 
scorpion venom, where it reached 95.4% at 
200ug of scorpion venom. By increasing the 
amount of scorpion venom above 300ug, the 
radiochemical yield remained constant 
because the entire generated iodonium ions in 
the reaction were captured at that 
concentration of scorpion venom figure (2). 

2- Chloramine-T the strong oxidizing agent 
commonly used in the iodination of organic 
compounds was able to oxidize the I to I* for 
electrophilic substitution in scorpion venom. 
Below 0.87mM chloramine-T, the percent 
radiochemical yield of !*I-scorpion venom 
was low (85 %) which may be due to the 
insufficiency of chloramine-T concentration to 
oxidize all the iodide ions present in the 
solution. Above 0.87mM,  chloramine-T 
concentration has little effect on the 
radiochemical yield of '?I-scorpion venom. 
The maximum yield of Escorpion venom 
was obtained at 0.87mM chloramine-T under 
the conditions of the experiment. Increasing 
the amount of oxidizing agent above 0.87mM 
leads to a decrease in the radiochemical yield 
of 75 I-melphalan due to the formation of 
undesirable oxidative side reactions like 
chlorination, polymerization and denaturation 
of substrate (Mcfarlane, 1958) as shown in 
figure (3). 

3- The radiochemical yield of !*I-scorpion 
venom was found to be 68.6% at 25°C and 
increased to 75.6% and 96.4% on increasing 
the reaction temperature of the mixture to 
40°C and 60°C respectively at 30 min reaction 
time. This is due to the fact that leaving 
hydronium ion required some energy to break 
the C-H bond and to initiate the introduction 
of the radioactive iodonium ion into the 
Scorpion venom. By raising the reaction 
temperature to 100°C, decrease in the 
radiochemical yield of Escorpion venom 
was observed indicating the instability of the 
labeled compound figure (4). 

4- It is clear that the radiochemical yield of 
P5|-scorpion venom increased from 75.8% to 
95.496 by increasing the reaction time from 5 
min to 30 min at 60°C. Extending the reaction 
time to 60 min caused slight decrease in the 
radiochemical yield of Escorpion venom 
figure (5). This can be attributed to the long 
exposure of substrate (scorpion venom) to the 
oxidizing agent which causes oxidative side 
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reactions like chlorination, polymerization and 
denaturation of substrate (Knust et al., 1990). 
5- Figure (6) showed that at pH 2, the 
radiochemical yield of Escorpion venom 
was relatively low (63.7%) as a result of the 
predominance of iodine monochloride ICI 
species which have lower oxidation potential 
than hypochlorus acid HOCI species (Cynthia 
et al., 1979) The maximum radiochemical 
yield of !PI-scorpion venom (95.4%) was 
obtained around pH 7. The chloramine-T 
method has an optimum labeling efficiency at 
approximately pH 7 and labeling efficiency is 
reduced at higher or lower pH values (Rayudu 
et al., 1983). By increasing the pH to 9 and 11, 
a decrease in the radiochemical yield of '**I- 
Scorpion venom was observed. This may be 
attributed to the decrease in iodonium ion 
which is responsible for the electrophilic 
substitution reaction (Saccavini and Bruneau, 
1984). 

The optimum conditions for iodination of L.q 
scorpion venom were using 200ug of scorpion 
venom, 0.87mM chloramine-T, at 60°C ,within 
30 min reaction time and pH 7. 


In —vitro stability of the ^I-labeled scorpion 
venom 

The in vitro stability of '*I-venom post 
labeling at time intervals (1, 2, 4, 8, 12, 24 h) 
was shown in table (2). The '?I should be used 
during the first hour since stability was 
changed by time. 


Biodistribution of "5I-scorpion venom in 
different organs in normal mice 

When 5I-venom was injected in normal mice 
via intravenous route, the tracer was 
distributed all over the body organs and fluids. 
This route of biodistribution depends mainly 
on the 12°[-venom compound. The activity in 
the stomach, urine, bone and intestine were 
8.6, 12.2, 1.7 and 12.9 % respectively. This 
suggests the rapid excretion of the labeled 
compound. Other organs activity were normal 
and did not show significant variation table 
(3). 

All the obtained data demonstrated that the 
tracer was distributed rapidly throughout the 
body after intravenous injection (10 min), and 
cleared rapidly through the hepatobiliary 
system at 4h post injection. The liver was the 
organ with the highest radioactivity that was 
quickly excreted into the intestinal tract. The 
presence of activity in the urinary bladder 
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suggests the excretion of the tracer through the 
kidneys to some extent. 

Trial to label irradiated (1.5 and 3 KGy) L.q 
venom was unsuccessful since its application 
on TLC resulted in different species due to its 
decomposition. For that reason the utilization 
of the labeled irradiated L.q venom is of no 
meaning. 


Effect of native and gamma irradiated (1.5 
KGy) L.q venom on plasma MDA and blood 
GSH in rats 

Results showed that normal plasma MDA was 
unaffected by the native L.q venom. There was a 
significant decrease (p < 0.05) of the plasma 
MDA by the y-irradiated (1.5 KGy) L.q venom. 
However, blood GSH of the normal was 
significantly increased (p < 0.05) by the native 
L.q venom, While There was unaffected by the 
y-irradiated (1.5 KGy) L.q venom 4 h post 
injection with a dose equals to the half value of 
LD5o as seen in figure (7). 


Effect of native and gamma irradiated (1.5 
KGy) L.q venom on serum alanine 
aminotransferase (ALAT) and aspartate 
aminotransferase (ASAT) activity in rats 
Results showed that both serum ALAT and 
ASAT of the normal was significantly increased 
(p < 0.05) by the native L.q venom but 
unaffected by the y-irradiated (1.5 KGy) L.q 
venom 4 h post injection with a dose equals to 
the half value of LDso as seen in figure (8). 


Effect of native and gamma irradiated (1.5 
KGy) L.q venom on serum lipid profile 
(cholesterol, triglyceride, HDL and LDL) in 
rats 

Results showed that normal serum cholesterol 
and LDL-cholesterol were unaffected by the 
native L.q venom. Serum triglyceride and 
HDL-cholesterol of the normal was 
significantly decreased (p « 0.05) by the 
native L.q venom, while, serum cholesterol, 
triglyceride and LDL-cholesterol were 
unaffected by the y-irradiated (1.5 KGy) L.q 
venom but serum HDL-cholesterol of the 
normal was significantly decreased (p < 0.05) 
by the y-irradiated (1.5 KGy) L.q venom 4 h 
post injecting with a dose equals to the half 
value of LDso as seen in figure (9). 


Effect of native and gamma irradiated (1.5 
KGy) L.q venom on serum cardiac enzymes 
(CK, CK-MB and LDH) activities in rats 
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L.q scorpion venom caused a significant 
increase (p < 0.05) in serum CK, CK-MB and 
LDH compared to the normal  non- 
envenomated while, y-irradiated (1.5 KGy) 
L.q venom did not change serum CK, CK- 
MB, LDH compared to the normal non- 
envenomated value but caused significant 
decrease (p < 0.05) in serum CK, CK-MB and 
LDH when compared to the native non- 
irradiated venom 4 h post injection with a 
dose equals to the half value of LDso figure 
(10). 


Discussion 


In the current study the toxicity of the native 
L.q scorpion venom was reduced 11 and 20 
times following the exposure to 1.5 KGy and 3 
KGy gamma rays respectively. 

Thus, progressive increase in LDso after 
gamma irradiation indicates decrease in 
toxicity of L.q scorpion venom. These results 
are in harmony with previously reported data 
(Bucherl, 1971; Shaaban, 1990 & Fatani et al., 
2010). 

The effect of gamma irradiation on venom 
solution could be attributed mainly to its 
known effects on protein molecules, as 
venoms are mainly protein in nature. Ionizing 
radiation can change the molecular structure 
and the biological properties of protein 
molecules (Boni-Mitake et al., 2001). This can 
occur by two forms: direct process by which 
ionizing radiation interacts directly on target 
molecules and an indirect process by which 
the product generated by water radiolysis, like 
e, Oz, H* and OH interact with target 
molecules and can modify the biological 
activity of protein and peptides by reacting 
with certain sites or groups in the molecule 
(Garrison, 1987 & Casare et al., 2006). 

The produced radicals act by removing 
hydrogen, breaking disulfide bonds, promoting 
deamination as well as inducing the formation 
of intramolecular and intermolecular covalent 
bonds (Halliwell & Gutteridge, 1989). These 
structural changes result in a decrease or loss 
of the enzymatic and biological activities of 
the proteins (Gallacci et al., 2000). 

Loss of function of protein by irradiation is not 
usually due to breaking peptide bonds, or 
otherwise, disrupting the primary skeletal 
structure of peptide chain. It may result from a 
break in the hydrogen or disulfide bonds 
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which in turn can result in a disorganization of 
the internal relationships of side chain groups, 
or an exposure of amino-acid groups, resulting 
in change in biological activity (Hayes, 2001). 
The toxicity of the venom from scorpions 
belonging to the family Buthidae, was known 
to be attributed to the effect of small proteins, 
with an approximate mol wt of 7000, 
containing 57-78 amino-acids, cross linked by 
four disulfide bridges (Zlotkin et al., 1978 & 
Shaaban, 1990). 

It was believed that, the effects of radiation 
could perhaps, lead to a break of the bridges, 
with the resultant attenuation of the toxicity of 
the venom. This finding was in agreement 
with that of Yang. (1970) who demonstrated 
the integrity of the disulphide bonds in 
cobrotoxin (toxic protein from Formosan 
cobra). The reduction of the disulphide bonds 
to sulphydryl, by B. mercapto ethanol, was 
leading to loss of toxicity of cobrotoxin. 

It has been shown that gamma irradiation is an 
effective technique for attenuating venom 
toxicity and maintaining venom 
immunogenicity (Shaaban, 2003; Abib and 
Laraba-Djebari, 2003). 

The present results showed that the antigenic 
response was not changed as judged by the 
capacity of irradiated venom to react with the 
antivenin. The immunodiffusion technique 
showed identity between native and irradiated 
samples. These results are in agreement with 
the data of other studies that reported that 
ionizing radiation is able to detoxify 
Androctonus amoreuxi without affecting the 
immunogenic properties (Shaaban, 1990). 

The present radioiodination reaction of venom 
with iodine-125 was carried out using 200ug 
venom and 150ug chloramine-T at 60°C for 30 
min. The maximum radiochemical capacity of 
P5L-venom yield was obtained around pH 7. 
The optimum conditions were selected 
according to studies of several investigators 
(Mcfarlane, 1958; Rayudu er al., 1983; 
Saccavini and Bruneau, 1984 & Knust ef al., 
1990) 

Study of the distribution of '*I-labeled L.q 
venom showed the highest contents of 
radioactivity in liver and kidney. Radioactivity 
of the brain indicates that '*°I-scorpion venom 
is stable in-vivo against biological 
decomposition. 

In this study labeling irradiated (1.5 and 3 
KGy) scorpion venom was unsuccessful. 
However,  Boni-Mitake et al. (2006) 
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successfully labeled both native and irradiated 
venom using modified method and study 
distribution of "I-labeled crotamine in mice 
tissues. Both native and irradiated (2 KGy) 
proteins were labeled with '*I using 
chloramines-T method after purified crotamine 
from venom by gel filtration followed by ion 
exchange chromatography, using a fast 
performance liquid chromatography (FPLC). 
Native and irradiated crotamine were rapidly 
absorbed and they appear to have hepatic 
metabolism and renal elimination. It is 
possible that the irradiated crotamine was 
metabolized and eliminated faster than the 
native crotamine, probably by means of 
structural alterations induced by gamma 
irradiation, which could possibly explain the 
reduced toxicity of the irradiated protein. 
Moreover, it is documented that the 
cardiovascular effects are the major factors 
that may lead to death following both 
exipermental and human scorpion 
envenomation (Cupo and Hering, 2002). Even 
though the mechanism of venom -induced 
cardiovascular effects is strongly believed to 
be a consequence of the increase of 
neurotransmitter release evoked by the action 
of toxins on voltage-sensitive sodium channels 
(Rogers et al., 1996; Chen and Heinmann, 
2001). The enzymes of the venoms were 
shown to be responsible for several observed 
biological, pharmacological and toxicological 
effects associated with the envenomation 
process (Kini, 1997). 

The current experiments assessed the impact 
of gamma irradiation of L.q venom on the 
effects induced by the venom on certain 
oxidative stress biomarkers, liver enzymes, 
lipid profile & cardiac enzymes. Exposure of 
scorpion venoms in aqueous solution to a dose 
of 1.5 KGy gamma radiations was suitable for 
attenuating venom. 

The present study revealed that native L.q 
venom caused no change in normal plasma 
MDA, while, there was a significant decrease 
of the plasma MDA by the y-irradiated (1.5 
KGy) L.q venom. These results agreed with 
those reported by Fatani et al. (2006) and El- 
alfy et al. (2007). 

There are few reports on the effect of gamma 
rays on scorpion venoms concerning lipid 
peroxidation in general. The current study 
revealed that experimental envenomation by 
L.q venom was accompanied by free radical 
generation and depletion of antioxidant 
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defense system. Such elevation in oxidative 
stress parameters correlate with the cardiac 
injury biochemical markers as well as 
hemodynamic manifestations following 
scorpion envenomation (El-alfy et al., 2007). 
In vitro studies have shown a direct 
correlation between degree of lipid 
peroxidation and phospholipase A» -induced 
phospholipids hydrolysis (Sevanian er al., 
1989). On the other hand, inhibition of 
phospholipase Az significantly reduced lipid 
peroxidation (Borowitz et al, 1989). 
Phospholipids hydrolysis by PLA2 enzyme 
releases arachidonic acid, in turn its 
metabolism results in the formation of 
potentially toxic reactive oxygen species 
(ROS) and lipid peroxidation. Previous studies 
demonstrated the effect of gamma radiation on 
the Vipera lebetina and that phospholipase A» 
activity was a bolished in the irradiated 
venom. 

In the present study, normal blood GSH was 
significantly increased by the native L.q 
venom, while unaffected by the y-irradiated 
(1.5 KGy) L.q venom. It seems probable that, 
these results might be a secondary event 
following the increase in lipid peroxides, as 
lipid peroxidation is seemingly an obligatory 
consequence of life which is compensated by 
the antioxidative defence systems which 
include; enzymes (glutathione peroxidase, 
superoxide dismutases and catalase) or low 
molecular compounds (ascorbic acid, 
carotinoids and tocopherols) (Nigam and 
Schewe, 2000). 

Rats envenomated by native L.q venom 
exhibited marked depletion of glutathione 
peroxidase as well as glutathione reductase 
activities in cardiac tissue. Such decreased 
activity implicates low cardiac glutathione 
content, which is a key biomarker of oxidative 
stress (Meister and Anderson, 1983). Reduced 
GSH is an endogenous antioxidant that acts 
among the first line of defense system against 
pro-oxidant status (Halliwell and Gulteridge, 


1999). 
The activities of the present aspartate 
aminotransferase (ASAT), and alanine 


aminotransferase (ALAT) underwent a highly 
significant increase following envenomation 
with native L.q compared to the normal non- 
envenomated due to the destruction of the 
hepatocytes as a result of venom injection 
accompined with disturbances in the hepatic 
functions of the envenomated animals through 


severe hepatocellular injuries and necrosis of 
hepatocytes. The serum transaminase level is 
most widely used as a measure of hepatic 
injury, due to its ease of measurement and 
high degree of sensitivity. It is useful for the 
detection of early damage of hepatic tissue and 
requires less effort than that required for a 
histologic analysis, moreover without sacrifice 
of the animals (Ray et al., 2006). 

The results of ASAT and ALAT are in 
agreement with prior reports (El-missiry ef al., 
2010) that used Echis pyramidium venom. 
There was elevation in the serum 
concentration of ASAT, ALAT and ALP in 
animals four hours post envenomation in 
comparison with the control group. Also, 
Shaaban and Hafez. (2003) reported that 
intraperitoneal injection of sublethal dose of 
Naje haje venom in rats induced significant 
elevation in the activities of ASAT, ALAT and 
ALP as compared to control. 

Native L.q venom caused significant decrease 
in serum triglyceride and HDL-cholesterol 
compared to normal non-envenomated. y- 
irradiated (1.5 KGy) L.q venom significantly 
decreased serum HDL-cholesterol compared 
to normal non-envenomated and native non- 
irradiated scorpion venom but caused 
significant increase in serum total cholesterol 
and triglyceride compared to native non- 
irradiated scorpion venom value. 

The variations in serum cholesterol and 
triglycerides observed after 4h in the present 
study could be due to the damage of 
hepatocytes by the venom making them unable 
to phosphorylate the large amounts of fatty 
acids, together with the destruction of cell 
membranes of other tissues (El-Asmar et al., 
1979) the results also suggest that those 
variations could be time dependent. The 
results are in agreement with a prior report 
(Ibrahim and AL-Jammaz, 2003) that used 
Echis coloratus venom. It has been found that 
there were changes in lipid profile levels in 
rats post envenomation in comparison with the 
control group. 

Serotonin, which is present in high 
concentration in L.q scorpion venom (Adams 
and Weiss, 1959) is known to have a lipolytic 
effect through increasing cyclic AMP 
concentration (Levine et al., 1964). Scorpion 
venom was reported to release catecholamines 
(Henriques er al., 1968), these factors may 
cause lipolysis in the adipose tissues. The 
mobilization of the fatty acids from the 
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adipose tissues may lead to their esterification 
in the liver with the formation of neutral fat 
and phospholipids. The free fatty acids 
liberated by the venom would result in an 
increased level of acetyl CoA (Ashmore and 
Weber, 1968). This increase could lead to an 
increase in the synthesis of cholesterol. 

The present study indicated that the native L.q 
scorpion venom caused a highly significant 
increase of lactate dehydrogenase (LDH), 
creatine phosphokinase (CK),  creatine 
phosphokinase isoenzyme (CK-MB) compared 
to the normal control. The obtained results are 
in agreement with those previously reported 
by other investigators (Sofer et al., 1991 & EI- 
missiry et al., 2010). The enzymatic activity of 
CK-MB isoenzyme and total CPK were 
elevated following envenomation by the L.q 
venom in children. They speculated that the 
myocardial lesions are too small to cause heart 
failure in most cases, but they may account for 
the cardiovascular changes frequently seen in 
scorpion envenomation. This assumption was 
also confirmed by Shaaban and Hafez, (2003) 
who reported that the intraperitoneal injection 
of a sublethal dose of Naja haje venom in rats 
induced a significant elevation in the activities 
of LDH and CPK as compared to normal 
control. 

Souza et al. (2002) investigated the ability of 
gamma radiation from “Co (2 KGy) to 
attenuate the toxic effects of Bothrops 
jararacussu venom on mouse neuromuscular 
preparations in vitro. It was concluded that 
Co gamma radiation is able to abolish both 
the paralyzing and the myotoxic effects of 
Bothrops jararacussu venom on mouse 
neuromuscular junction. These findings 
support the hypothesis that gamma irradiation 
could be an important tool to improve antisera 
production by reducing toxicity while 
preserving immunogenicity. 

Irradiation of crotoxin was shown to result in 


its aggregation and generation of low 
molecular weight breakdown products 
(Rogero and Nascimento, 1995) The 
aggregate presented no toxicity, no 


phospholipase activity and no ability to 
promote creatine kinase (CPK) release into 
muscle tissue. 

In conclusion, the present results indicated that 
L.q scorpion venom is a highly toxic venom. It 
produced a significant increase in oxidative 
stress biomarkers, liver enzymes, cardiac 
enzymes and lipid profile disturbance, whereas 
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exposing venom to 1.5 KGy gamma rays 
showed venom detoxification and loss of their 
biological properties without affecting their 
immunogenicity. Study of the distribution of 
P5Llabeled L.q scorpion venom showed the 
highest levels of radioactivity in liver and 
kidney. In addition, radioactivity of the brain 
indicates that '*°I-scorpion venom is stable in- 
vivo against biological decomposition. 

The present data revealed that, gamma 
irradiation of venom with 1.5 KGy dose offer 
an effective method for reducing the chronic 
toxic effect of venom in immunized animal. 
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Table (1): LDs, for Native, 1.5 KGy and 3 KGy Gamma Irradiated L.q Scorpion Venom: 

















Venom LDs (mg/kg) 
Native (non-irradiated) L.q 0.394 
Irradiated (1.5 KGy) L.q 3.517 
Irradiated (3 KGy) L.q 7.500 








Mice were classified into groups each included 6 animals to be used for determination of LDso for 
native and gamma irradiated (1.5 KGy and 3 KGy) Leiurus quinquestriatus scorpion venom. 


Table (2): The In- Vitro Stability of ^5I- Venom: 



































Time post labeling (hour) 1251-5717 % Free iodine % 
1 95.8 + 1.7 3.2+0.3 
2 95.0 + 1.2 4.0 ± 0.3 
4 94.3* t 1.3 5.7 ± 0.2 
8 93.7* @+ 1.3 6.3 ± 0.1 
12 91.9*@+ 1.6 7.1 +0.2 
24 90.3* @+0.9 9.7+0.3 
Mean + S.D. (mean of three experiments) , * Significant difference from Normal group (p < 0.05) 


@ Significant difference from preceding value (p < 0.05) 


Table (3): Biodistribution Pattern of ^I- Venom in Different Organ or Body Fluids in Normal 
Mice (n=3) at Different Times. 





























(a): 
% '5]- L.q venom distribution /organ or body fluid at 
Whole uid oF hedy ١ different times post econ : 
0 10min 1h 2h 4h 
Blood 28.5 +2.3 20.8 + 1.5 12+0.8 5.8 ± 0.2 
Bone 3.3 ± 0.2 2.9 + 2 2.1 ± 0.1 1.8 +0.1 
Muscle 3.1 03 4.5 ± 0.4 3.7 0.2 1.1 x 0.1 
Brain 1.4 + 2 1.2+0.1 0.9+0.2 0.7+0.1 
Lungs 1.9+0.1 0.6 + 0.02 0.5 + 0.02 0.1 + 0.04 
Heart 1.3+0.8 0.2 +0.01 0.1 + 0.02 0.04 + 0.001 
Liver 10.4+0.1 12.6 +1.3 10.5 + 1.3 83+1.2 
Kidneys 11.3 7 29.08 + 0.4 22.34 1.1 11.6+0.9 
Spleen 1.2 +0.3 0.28 + 0.01 0.4+0.01 0.2 +0.01 
Intestine 4.2+0.1 9.4 +1.4 14.5 + 0.9 14.9 + 2.3 
Urine 6.2+0.9 12.7+0.8 16.5 + 0.8 34.5 + 1.4 
(b): 





Organ or body fluid (g) 


%'5]- L.q venom distribution /organ (g) or body fluid at 


different times post injection 


























10min 1h 2h 4h 
Brain 3.5 + 5 3.0 € 0.2 2.2 ± 0.4 1.7 40.2 
Blood 16.3 20.9 | 11.9+0.6 6.9 x 3 3.3 + 0.1 
Brain/Blood 0.2 0.25 0.32 0.52 
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V3 AV X V1 


S: saline (upper well). 

AV: polyvalent antivenin of scorpion venom (central well). 

V1: native leiurus quinquestriatus scorpion venom (right well). 

V2: irradiated (1.5 KGy) leiurus quinquestriatus scorpion venom (lower well). 
V3: irradiated (3 KGy) leiurus quinquestriatus scorpion venom (left well). 


Figure (1): Immunodiffusion Reaction of Horse Serum Polyvalent Antivenin with Native, 1.5 KGy 
& 3 KGy y-Irradiated L.q Scorpion Venom. 
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Figure (2): Radiochemical Yield of I- SV as Figure (3): Radiochemical Yield of !*I-SV as a 
a Function of SV Amount. Function of Chloramine- T Concentration. 
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Figure (4): Radiochemical Yield of '*I-SV asa Figure (5): Radiochemical Yield of !*I-SV as a 
Function of Reaction Temperature. Function of Reaction Time. 
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Figure (6): Radiochemical yield of '^I- scorpion venom as a function of pH of reaction mixture. 
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E control Bl native 4h Dirrad Ah 
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Figure (7): Effect of Native and Gamma Irradiated (1.5 KGy) Leiurus quinquestriatus Scorpion 
Venom (L.Q SV) on Plasma MDA, Blood GSH in Rats. 

Statistical analysis was carried out by one-way ANOVA followed by Tukey-Kramer multiple 
comparisons test: 

* Significant difference from Normal group (p « 0.05) 

@ Significant difference from Native L.q group (p < 0.05) 
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Figure (8): Effect of Native and Gamma Irradiated (1.5 KGy) Leiurus quinquestriatus 
Scorpion Venom (L.Q SV) on Serum Aspartate Aminotransferase (AST) and Alanine 


Aminotransferase (ALT) Activity in Rats. 
Statistical analysis was carried out by one- way ANOVA followed by Tukey-Kramer multiple 


comparisons test: 
* Significant difference from Normal group (p « 0.05). 
@ Significant difference from Native L.q group (p < 0.05). 
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Figure (9): Effect of Native and Gamma Irradiated (1.5 KGy) Leiurus quinquestriatus Scorpion 
Venom (L.Q SV) on Serum Lipid Profile (Cholesterol, Triglyceride, HDL, LDL) in Rats. 
Statistical analysis was carried out by one- way ANOVA followed by Tukey-Kramer multiple 
comparisons test. 

* Significant difference from Normal group (p « 0.05). 

@ Significant difference from Native L.q group (p < 0.05). 
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Figure (10): Effect of Native and Gamma Irradiated (1.5 KGy) Leiurus quinquestriatus 
Scorpion Venom (L.Q SV) on Serum Cardiac Enzyme (CK, CK-MB, LDH) Activity in Rats. 
Statistical analysis was carried out by one- way ANOVA followed by Tukey-Kramer multiple 
comparisons test: 

* Significant difference from Normal group (p < 0.05). 

@ Significant difference from Native L.q group (p « 0.05). 
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تعديل التاثيرات الفارماكولوجية والبيوكيميائية لسم العقربة الصفراء (اللورس 
كوينكسترياتس) بتعرضها للاشعاع الجامى 


هبة عبد المنعم محمد*: عصمت عبد السلام شعبان*: عبير محمد امين**: سناء عبد الباقى قناوى 
قسم الادوية والسموم - كلية الصيدلة - جامعة القاهرة 
* قسم البحوث الدوائية الاشعاعية - المركز القومى لبحوث وتكنولوجيا الاشعاع - هيئة الطاقة الذرية 
** قسم Aad yall GUS yall‏ - مركز المعامل الحارة- هيئة الطاقة الذرية 


فى هذا البحث تمت دراسة التأثيرات الفارماكولوجية والبيوكيميائية لسم عقرب لورس كوينكيسترياتس غير 
المشعع وبعد تعرضة لجرعتين من أشعة جاما ويمكن تلخيص ماتم دراستة كالاتي: 


تم اختيار الجرعة القاتلة ل٠‏ ° % من الحيوانات المستعملة لسم العقربة غير المشعع والمشعع بجرعتي ١و‏ 
Y‏ كيلوجراى على التوالي ووجد انها قلت بالتعرض للاشعاع الجامى بنسبة١١‏ و٠٠‏ على التوالى. واوضحت 


aie y‏ حقن الفئران بسم لورس كوينكسترياتس الخام وجد زيادة فى تكوين الدلالات الحيوية للاجهاد التاكسدى 
والتي تم فيها دراسة الدهون فائقة التاكسد في الدم وجليتاثيون المختزل في الدم ولوحظ زيادتها مقارنة بنفس 


لوحظ ارتفاع معدل كلا من: انزيم الانين ترانس امينيز (ALT)‏ والاسبرتيت ترانس امينيز (AST)‏ : 

ارتفاع في أنزيم لاكتيك ديهدروجينيز (LDH)‏ , كرياتين كينيز الكلي(0510) والجزئي الخاص بعضلة القلب 
(CPK-MB)‏ بينما التغيرات لم تكن ذات دلالة احصائية فى المجموعة المحقونة بنفس الجرعة من السم 
Gas‏ انخفاضا ملحوظا فى معدلات كل من جليسيرات الثلاثية والبروتينات الدهنية عالية الكثافة (HDL)‏ 

JE a ارك مو‎ ull ag SM المح في‎ a glo cda SS اويل‎ el ic سح افر‎ ai ته‎ 


مشعع في فئران التجارب السليمة ووجد ان اعلى تركيز لة بالكبد والكلية واقل تركيز لة بالغدة الدرقية دلالة على 
ثباته بيولوجيا. 


مق س A A ae all‏ مضل eso‏ ا 
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